MONDO-Forces calculations have been performed, with complete optimization of geometry on X-cyclopropenyl system (cations, radicals and anions), where X is H, O", OH, CH 3 , CN, N0 2 , F and CF 3 . All substituents prefer planar structure when substituted on both cations and radicals, while they prefer pyramidal structure in the case of anions except CF 3 . The substituents O", OH and F act as electron releasing, while CHO, N0 2 and CF 3 act as electron withdrawing when substituted on cyclopropenyl system. CH 3 and CN show amphielectronic behaviour. They act as electron releasing on the cations and withdrawing on both radicals and anions depending on electron demand. In the case of cations and radicals, all substituents were found to increase the vicinal bonds and decrease the distal bonds and bond angles to which the substituent is attached. For anions the substitutents show no such regularity because the substituents are out of the three-membered ring plane. All substituents increase the stability of the cyclopropenyl system except CF 3 in the case of the cation.
The cyclopropenyl cation is the smallest aromatic molecule which has two ^-electrons and satisfies the Hückel 4 n + 2 rule. The electronic structure is of great interset since the molecule is highly strained but despite of this the ion is stable in the form of salts, e. g. C 3 H 3 • SbCl^, and also in polar solvents [1] . D 3h configuration of the ion is indicated by its IR and NMR spectra [1] , Allen has reported a structural analysis for two cyclopropenyl cation derivatives based upon Xray crystallographic data [2] . Clark carried out ab initio LCAO SCF MO Calculations on both C 3 H 3 + and C3H3 and discussed the aromaticitiy and antiaromaticity [3] . Ha et al. reported an ab initio LCAO SCF MO investigation on C 3 H 3 + , C 3 Hj and C 3 H 3~ and discussed the geometry and stability of these species [4j. Random et al. aiso carried out ab initio calculations on C3H3 using STO-3G and 6-31G and obtained the equilibrium structure of the ion [5] . Takada and Ohno also published an ab initio CI calculation on the electronic structure of C3H3 [6] . The most recent ab initio calculations on the molecular structure and vibrational spectrum of C3H3 were performed by Xie et al. [7] , and Lee et al. [8] , Cyclopropenyl free radical, the simplest member of the series of fully conjugated cyclic radicals, has been the subject of experimental [9] [10] [11] [12] [13] and theoretical studies [4, [14] [15] [16] [17] [18] [19] [20] ,
The theoretical work by Chipman and Miller [20] predicts an ethylenic structure of C s symmetry as the lowest energy form. The hydrogen atom at the apex of the isoceles triangle is bent substantially out of the ring plane. The allylic structure, which satisfies the Jahn-Teller theorem, is predicted to be 5 kcal/mole higher in energy. Experimental work by Closs and Redwine [13] support the C s structure and rules out the allylic structure. There is no experimental information on the properties of the neutral radical, so it is necessary to resort to theoretical studies.
The cyclopropenyl anion, having 4n electrons, is the smallest antiaromatic species. The high pka value for cyclopropene in solution [9] indicates instability of the anion. On the other hand, there have been numerous molecular orbital calculations using either semiempirical [14, 16, 21 -23] or ab initio [3, 4, 17, 24, 25] methods. Among these calculations, the latest results [24, 25] indicate that the structure with lowest energy has C s symmetry with one hydrogen being out of the plane and the other two being out of plane in the opposite direction. This structure is supported by a recent ab initio study [26, 27] , There has been an interest in substituent resonance effects [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] , A major concern is the form of substituent response as the electron demand is altered in the attached pi-system [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] ,
The aim of the present work is to utilize quantum chemical calculations to provide predictions of heat of formation, geometry, electron density distribution and stability of the cyclopropenyl system (cation, radical and anion) and to study the effect of the substituents O", OH, CH 3 , CHO, CN, N0 2 , F, and CF 3 on this system.
The calculated heat of formation of monosubstituted cyclopropenyl system is obtained by the semiempirical MINDO-Forces MO method [43] . The [45] . The derivative of the energy was calculated according to Pulay's Force method [46] . The program allows for variation of the parameters with geometry in a consistent fashion. A similar basis set is used for the system because we are concerned with comparisons between similar systems. A full description of the program and its application is given in [43 a],
Results and Discussion
The calculated geometrical parameters, heats of formation and electron density distributions of the monosubstituted cyclopropenyl system after complete optimization of the geometrical parameters are given in Tables 1, 2 , 3, 4, and 5.
Effect of substituents on the cyclopropenyl cations

Structural details:
The geometry of C3H3 has not been determined experimentally, so predictions of the geometry may be helpful for future experimental work. The geometry of C3H3 (Table 1) is in fair agreement with theoretical calculations of Takada et al. [6] (C-C = 1.383 Ä and C-H = 1.095 Ä), and Random et al. [5] (C-C -1.377 Ä and C-H = 1.095 Ä). The geometry optimization using the STO-3G basis set, which was performed in [5] , must be considered as rough because of its very small basis set. The experimental C-C bond length for the 1,2,3-trisdimethylaminecyclopropenyl cation is 1.363 ± 0.007 Ä [47] , and 1.373 Ä for the symtriphenylcyclopropenyl cation [48] . The experimental C-C bond value for 1,2,3 trisdimethylaminecyclopropenyl cation may not be precise because of the interaction of the amino groups with three-membered ring. The C-C bond lengths (1.386 Ä in Table 1 ) in the three-membered ring are significantly shorter than those in benzene (1.397 Ä) [49] . This effect may be interpreted as due to the bent C-C bond in the threemembered ring.
All the substituents on the cyclopropenyl cations are found to lie in the plane of the cyclopropenyl cations. The vicinal bounds are longer than the distal bond for all substituents except for F, which is in agreement with ab initio calculations [50] . Also, it was found that the C-X bond in cyclopropenyl cation is longer than that in C-X cyclopropyl cation [51] especially for electron donating substituents. This may be due to the interaction between the localized empty P orbital on the Cl atom in the cyclopropyl cation [51] and the substituent, which decreases the C-X bond.
Stabilization by substituents:
The stabilizing effect of substituents is often assessed by using isodesmic reactions (conserved bond type) [39] , A positive heat of formation (Table 6 ) indicates stabilization of the reactant by the substituent. The results show that the substituents O -, OH, CH 3 , CHO, CN and N0 2 are stabilizing, F is slightly stabilizing, and CF 3 is destabilizing. This is in agreement with ab initio calculations [50] for OH, CH 3 , and F substituents.
Electron densities:
It can be seen from Table 3 that the substituents O", OH and F decrease the electron densities on CI and increase the electron densities on C2 and C3. That is, they act as electron releasing. CH 3 and CN act as weak electron releasing.
For CF 3 and N0 2 substituents, the electron densities increase on CI and decrease on C2 and C3. That is, they act as electron withdrawing. The CHO substituent acts as weak electron withdrawing.
Effect of substituents on the cyclopropenyl radical:
Structural details:
The present calculation of geometrical parameters of parent cyclopropenyl radical show that the hydrogen atom at the apex of the isoceles triangle is bent substantially out of the ring plane by 56.6° which is in agreement with Chipman and Miller [20] . The calculated heat of formation is 98.994 kcal/mole, in a good agreement with the experimental value (105.1 ± 4.1 kcal/mole) [52] and that of Bischof (96.8 kcal/mole) [53] . The calculated pseudorotation barrier height is 1.588 kcal/mole, in better agreement with the experimental value (0.57 kcal/mole) established by Gunthard et. al. [54] and Bischof (0.515 kcal/mole) than that obtained by ab initio calculations (3-4 kcal/ mole) [20] ,
The calculated heats of formation (Table 2) for all substituents on cyclopropenyl radical show that all substituents prefer the planar structure. This may be due to that fact that the unpaired electron density (Table 7) lies mainly on the apex of the isoceles triangle for parent cyclopropenyl radical, which pushes the hydrogen atom adjacent to CI out of the plane. That is to say that the parent radical prefers the pyramidal structure 1 a. For monosubstituted cyclopropenyl
radicals it was found that the unpaired electron density for most of the substituents is distributed over the three carbon atoms and hence the planar structure is prefered. All substituents are found to increase the vicinal bonds and to decrease the distal bonds and bond angles to which the substituent is attached (Table 1) , except OH. Also it was found that the C-X bond in cyclopropenyl radical is shorter than that in cyclopropyl radical [55] . This may be due to the fact that the substituent in the cyclopropyl radical lies out of the ring and hence decreases the interaction with the unpaired electron in the P orbital. That is to say longer C-X bond.
Stabilization by substituents:
The results (Table 6) show that all the substituents are stabilizing, and O -is strongly stabilizing as compared to the case of the cation.
Electron densities:
For O", OH and F substituents, it was found that there is a decrease in the electron density distributions on CI and an increase on C2 and C3 (Table 4) . That is, they act as electron releasing. For CH 3 , CHO, CN, N0 2 and CF 3 , the electron density distributions increase on CI and decrease on C2 and C3. That is, they act as electron withdrawing.
Effect of substituents on cyclopropenyl anion:
Structural details:
The calculated geometrical parameters for the parent cyclopropenyl anion show C s symmetry, with one hydrogen being out of the plane by 72.9°, and the other two being out of the plane by 7.7° in the opposite direction, which is in agreement with recent ab initio calculations [26, 27] . The heat of formation of pyramidal cyclopropenyl anion is 112.667 kcal/mole, in agreement with that suggested by the ab initio study (110 + 5 kcal/mole) [25] . No experimental heat of formation exists for cyclopropenyl anion. The calculated energy barrier is 33.87 kcal/mole, in agreement with ab initio study (35.4 kcal/mole) [25] . This demonstrates the 'antiaromatic' character of the cyclopropenyl anion, that is the repulsive 4n electron interaction between the localized lone pair electrons in the P orbital in the planar structure and the double bond.
The calculated heats of formation (Table 2) for all substituents on cyclopropenyl anion show that all substituents except CF 3 prefer the pyramidal structure substituent. This may be due to the high rotational barrier (33.87 kcal/mole) of the parent cyclopropenyl anion. The effects of substituents on the geometrical parameters (Table 1) are not consistent as in the case of the cation or radical since they lie outside the threemembered ring.
It was found that the C-X bond in the cyclopropenyl anion is longer than that in cyclopropenyl anion [51] due to the localized negative charge on the P orbital in the case of the cyclopropyl anion, which enhances the interaction.
Stabilization by substituents:
The results in Table 6 show that all substituents are highly stabilizing as compared to the cation and radical. Also it was found that CT substituent is highly stabilizing as compared to radical and cation, probably because the O" substituent is a relatively strong a and n donor [56] , which causes the cyclopropenyl anion to obtain aromatic character (6 n electrons), as compared to the radical (5 n electrons) and the cation (4 n electrons). For the electron withdrawing substituents such as CHO, CN and N0 2 , the stabilizing effect is more pronounced in the case of anion than in that of both radical and cation. This may be due to the decrease of the electron densities on the three-membered ring and hence the unstabilized anion (relative to the radical and cation) becoming aromatic in character. The high dipole moments of N0 2 (11.8 D) and CF 3 (10.9 D) in the case of the cyclopropenyl anion as compared to the parent cyclopropenyl anion (8.9 D), support the high stabilizing effect of these substituents (Table 6 ) as compared to the cation and radical.
Electron densities:
It was found that O", OH and F substituents decrease the electron densities on CI and increase on C2 and C3 (Table 5) . That is, they act as electron releasing.
For CH 3 , CHO, CN, N0 2 and CF 3 , the electron density increases on Cl and decrease on C2 and C3. That is, they acts as electron withdrawing.
Therefore CH 3 and CN show the amphielectronic behaviour. Thus they act as electron releasing on the cations and withdrawing on both radicals and anions depending on electron demand [5, [57] [58] [59] [60] [61] [62] [63] .
